In this paper, a new algorithm for ship detection with Synthetic Aperture Radar (SAR) images is presented. We develop the proposed method by combing Principal Component Analysis (PCA) and the Geometrical Perturbation-Polarimetric Notch Filter (GP-PNF) method. In the first step, we replace the feature vector composed by the elements of the covariance matrix with more polarimetric features. Then, PCA is used to reduce the feature space. The new reduced feature vector is then used to detect ships by using the framework of the GP-PNF. In order to demonstrate the effectiveness of the proposed method, we exploited Sentinel-1 datasets. In this abstract, a dataset obtained in Gibraltar is considered. A comparison with other methods showed improvements in detection capability.
INTRODUCTION
Synthetic Aperture Radar (SAR) technology has been widely used in maritime surveillance, due to the ability to image day-and-night and penetrate cloud cover [1] . Particularly, using SAR data for ship detection has become more and more valuable due to its importance for environmental protection and economic interest [2] . Ship detection is a complex problem due to the sea clutter background that can be very intense for rough sea state. The backscattering from ships is mainly composed by multiple reflections on the hull and metallic structures [3] . Besides, the ocean backscattering caused by surface wind or other oceanographic phenomena can generate false alarms or mask some smaller ships.
Several works have been dedicated at exploring traditional polarimetric features to detect ship. Few examples are entropy, and angle from the Cloude-Pottier decomposition [4] . With the aim of finding a more robust approach, Yang et al. introduced a new parameter to reflect the similarity degree between two scattering matrices [5] . In [6] , Zhang et al. used the difference between the targets pixels and its surrounding pixels to enhance the target-toclutter (TCR) ratio for ship detection. In [7] , Touzi et al. had demonstrated that an optimization of the degree of polarization (DoP) for quad-polarimtric data was useful for ship detection. Nunziata et al. used the reflection symmetry (RF) characteristic of man-made metallic objects to detect targets at Sea [8] . In [9] , Marino et al. proposed a new detector for object detection by using Huynen fork, which extracted the target features in the polarimetric target complex space. This culminated in a ship detector called Geometrical Perturbation -Polarimetric Notch Filter (GP-PNF) by Marino et al. [10] .
In this work, a new ship detection method is proposed by analyzing the principal components of several polarimetric features before to apply the Polarimetric Notch Filter. The remainder of this abstract is as follows. Section 2 describes the theoretical background. Section 3 gives the detection algorithm. In section 4, experimental results are shown, and the results of other methods are also compared. Conclusions are given in Section 5.
GEOMETRICAL PERTURBATION POLARIMETRIC NOTCH FILTER (GPPNF)
GP-PNF is proposed by Marino et al. [10] and can effectively detect objects over the sea by isolating and rejecting the sea return in the polarimetric space of the covariance matrices. In this paper, we will use the framework of the GP-PNF to develop a new method to build the polarimetric feature vector.
Normally, the polarimetric state of targets can be represented by a Sinclair scattering matrix S. Equivalently a scattering vector k can be used. In order to further analyze the physical information, scholars often use the covariance matrix C derived from k to characteristic the targets [9] :
where the superscript H means the conjugate transpose, indicates spatial averaging. And, k is 3 dimensional complex in case of monostatic sensor and reciprocity: 
where 3 is a complete set of 3 3 basis matrices under a Hermitian inner product. Then, after a series of mathematical manipulations [11] , the final detector can be defined as:
where RedR is a parameter called Reduction Ratio and T is the threshold.
METHOD

Principal Component Analysis (PCA)
Rich multidimensional datasets (as for polarimetric images) often allow to extract many features as for the case of polarimetric features. However, some of these features may be correlated. Thus, it is possible to reduce the number of features but still retaining the useful information in the original dataset [12] . Principal component analysis (PCA) is an effective instrument for reducing the dimensions of features [13] , which has been widely used to data compression, pattern recognition and image processing. Suppose we have N measurements of a vector x of p random variables (i.e. x has p dimensions). We want to reduce the dimension from p to q where q is smaller than p [13] . The PCA is able to find a base of the p dimensional space where the most of the information is contained only in the smallest number of dimensions. When such basis is fund, any elements of the previous feature space can be represented as the linear combination of the elements in the new basis. Since some of the dimensions will only contain a very contribute very little to the representation of the vector (in the linear combination) neglecting them will not have a large impact.
Practically, the PCA solves the optimization of a covariance matrix calculated using the outer product of the original feature vector after the mean value is subtracted. This optimization can be accomplished by finding the eigenvectors and eigenvalues of these covariance matrix. The eigenvectors will be used to reconstruct the new feature vector and the eigenvalues will help understanding when a dimension is providing extra information.
The proposed method
Considering PCA can effectively reduce the dimensions and retain the most useful features. This work proposes a new method that combines PCA and the GP-PNF to detect ships. The first step is to build a larger feature vector t that contain more polarimetric features. With dual-polarimetric data we have that the ordinary feature vector would be 3 dimensional. Here to this 3 dimensions we added 3 more as showed in the following:
where Span is defined as the total backscattering power [14] . It also should be noted that, the last three features of Eq. (5) have all been successfully used for ship detection. The PCA change of basis is applied to the vector t. Here, we retain only the first three columns of the final PCA matrix and we call the resulting vector as new t : 
VALIDATION
Dataset
In this section, the proposed method is tested on a dataset acquired from the Sentinel-1 sensor over Gibraltar harbor on 13 June 2016. Its dual-polarization is VV/VH and the intensity of VH is shown in Fig.2 . Here, we only choose the red rectangle as the Region of Interest (ROI). Besides, the main sensor acquisition parameters are listed in Table. 1.
Experimental results and discussion
To assess the performance of the proposed method, we compare the results with the DoP method [8] and the RF method [9] . By visual inspection, we identified the bright spots as ships. In the red ROI ten ships are visible and they are marked with green rectangles, as shown in Fig.3.(a) . The results of the three methods are shown in Fig.3 . Here, we choose the estimated probability of detection P as the evaluation standard [7] : where td N , gt N means the number of the total true detections and ground-truth targets respectively. Fig.3.(b) shows the results of the DoP method and we can find many false alarms caused by the speckle, though it detects some ships. In Fig.3.(c) , the RF method has a better result than DoP, which detects all the ships and only a few false alarms are present. Fig.4.(d) is the result of the proposed method, and we can see that all the ships are detected and has none false alarms. Compared with Fig.3.(c) , the structures of ship are more complete. All the numerical results are shown in Table. 2.
CONCLUSIONS
In this paper, a new methodology for ship detection in PolSAR image has been proposed. Initially, we replace the original features of GP-PNF with more polarimetric features. Then, we further use the PCA technology to extract the feature with more information and use this new basis to represent the feature vector used in the GP-PNF.
To test the performance of the proposed method, a Sentinel-1 dataset at C band is used. The proposed detector is compared to the DoP and the RF detectors. Experimental results show that the proposed method can achieve good detection performance that may be proved superior to other detectors.
The authors are currently trying to find more challenging datasets that have a much rougher ocean state in order to verify the robustness of the proposed algorithm.
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